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(57) Abstract 

A probe for locating an endo-tracheai or endo-oesophageal tube in the trachea or oesophagus, comprises an don- 
ate body (1) having a distal end (2) for insertion into the trachea or oesophagus of a patient, and a proximal end (10) 
adapted to remain external to the patient in use. A pair of electrodes (3, 4) is circumferential ly spaced about the probe 
body, at or near the said distal end (2), and electrical conductors (5) lead between the electrodes (3, 4) and proximal end of 
the probe. The arrangement of the electrodes (3, 4) is such that the impedance measured between the conductors at the 
proximal end of the probe varies in dependance upon whether the prove is located in the oesophagus or the trachea of a 
patient. The probe may be a guide probe for the endo-tracheal or endo-oesophageal tube, or may itself be an endo-oeso- 
phageal tube which it is desired to insert 
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METHOD AND APPARATUS FOR LOCATING AN 
ENDO-TRACHEAL OR ENDO-OESOPHAGEAL TUBE 

IN THE TRACHEA OR OESOPHAGUS 

The present invention relates to a method and 
05 apparatus for locating an endo-tracheal or 

endo-oesophageal tube in the trachea or oesophagus. 

Endo-tracheal tubes are used during anaesthesia, 
resuscitation and intensive care of patients to 
establish a secure breathing passage from external 
10 apparatus to a patient's lungs. Endo-oesophageal 
tubes may be used for a variety of purposes, for 
example to monitor anaesthesia and blood oxygenation 
as disclosed in EP0050983 and EP0220180. 

In general the insertion of an endo-tracheal tube 
15 is carried out with the aid of a laryngoscope. This 
device allows the operator to see the larynx and pass 
the tube through it into the trachea. It can also be 
used to aid insertion of an endo-oesophageal tube by 
enabling the operator to ensure that the tube does not 
20 pass via the larynx into the trachea, but into the 

oesophagus. However, in some cases the larynx may not 
be seen on the laryngoscope due to, for example, 
disease or anatomical variation. In these cases there 
is an increased chance of a tube being erroneously 
25 passed into the oesophagus as opposed to the trachea, 
or vice versa. 
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An endo-tracheal tube erroneously passed into the 
oesophagus cannot provide an adequate airway, so that 
the patient may become deprived of oxygen, and serious 
harm or death may result. 

At present the preferred method of confirming the 
location of the tube involves pumping a quantity of 
air or gas (approximately 1 litre volume* in an adult) 
through the tube into the patient, and collecting a 
sample of expired gas in a rapid response carbon 
dioxide analyser. Detection of a significant quantity 
of carbon dioxide in the expired gas indicates that 
the tube has almost certainly been passed into the 
trachea. The absence of carbon dioxide in the expired 
gas implies that the tube has been passed into the 
oesophagus. However, this method has the disadvantage 
that a sophisticated rapid response analyser must be 
present at the site of intubation. 

It is also common practice when intubation is 
difficult to utilise a probe or bougie made of a 
flexible plastic material. Such a probe is passed 
along the endo-tracheal or endo-oesophageal tube prior 
to intubation so that it protrudes approximately 5 cm 
beyond the tip of the tube. The probe tip is then 
bent into a preferred configuration and inserted into 
the trachea or oesophagus ahead of the tube. The tube 
can then be passed down over the guiding probe. 
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However* it is still necessary to check that the tube 
has been correctly located in the trachea or oesophagus 
as appropriate. 

According to a first aspect of the present 

05 invention there is provided a probe for locating an 
endo-tracheal or endo-oesophageal tube in the trachea 
or oesophagus which probe comprises:- 

an elongate body, having a distal end for 
insertion into the trachea or oesophagus respectively 

10 of a patient, and a proximal end adapted to remain 
external to the patient in use; at least a pair of 
electrodes circumf erentially spaced about the probe 
body, at or near the said distal end thereof, and 
respective electrical conductors connected to each of 

15 the said electrodes, and leading to the proximal end of 
the probe, the arrangement of the electrodes being such 
that the impedance measured between the conductors at 
the proximal end of the probe varies in dependance upon 
whether the probe is located in the oesophagus or the 

20 trachea. 

The term "circumf erentially spaced" as used herein 
is intended to mean that the electrodes are disposed on 
the probe with at least some degree of circumferential 
spacing (ie. they are not merely spaced along the 
25 length of the probe) so that the desired discrimination 
can be achieved between the oesophagus and the 
trachea. 
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The invention also provides apparatus for locating 
an endo-tracheal or endo-oesophageal tube in the 
trachea or oesophagus, which apparatus comprises: 

a probe as described above, means for producing 

05 an electrical signal dependant upon the impedance 

between the said electrodes, and indicator means, for 
example a visual display or audible alarm, for 
producing an indication to a clinician dependant upon 
the impedance between the said electrodes. 

10 In one embodiment, the probe may be a guide probe 

for an endo-tracheal or endo-oesophageal tube. In an 
alternative embodiment, the probe may be an 
endo-oesophageal tube which it is desired to insert. 
In yet a further embodiment the probe may be an 

15 endo-tracheal tube, having a projection carrying the 
electrodes projecting from its distal end. In this 
embodiment, the projection may extend by about 5 cm 
from the body of the endo-tracheal tube, and conductors 
connected to the electrodes may pass through the 

20 endo-tracheal tube, and emerge through its wall 
externally of the patient. 

In an adult, the trachea typically has an internal 
diameter of around 1.5 cm. The oesophagus is a soft 
walled organ which will normally collapse or contract 

25 around any tube inserted into it. The maximum diameter 
to which the oesophagus can safely be distended is 
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normally around 2cm. 

Thus if the probe is a guide probe it is preferred 
that the probe has a diameter of from 2 to 4 mm, 
preferably about 3 mm. Similarly , if the probe is an 

05 endo-oesophageal tube then it is preferred that the 
probe has a diameter of from 3mm to 2 cm. 

A preferred embodiment of the apparatus includes 
respective connectors connected to each of the said 
conductors for connecting the electrodes to a circuit 

10 responsive to the impedance between the electrodes, the 
connectors being adapted to remain external to the 
patient in use. 

The electrodes are preferably elongate and 
arranged longitudinally on the surface of the probe. 

15 in embodiments of the invention where there is a 

single pair of electrodes, the electrodes are 
preferably positioned substantially diametrically 
opposite one another • The probe may be curved, and the 
electrodes may be positioned one on the inner aspect of 

20 curvature and the other on the outer aspect of 
curvature. 

Alternatively there may be provided three 
electrodes, in which case it is preferred that the 
electrodes are substantially equally spaced around a 
25 circumference of the probe. 

It is preferred that the probe is provided with a 
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longitudinal channel for the passage of gas to enable 
the venting of gas from the oesophagus so that the 
electrodes are not located in an air pocket. 

Preferably/ the probe is provided with a moveable 
05 stop to prevent insertion of the probe beyond a 
predetermined depth. 

The probe may also be provided with markings at 
positions along its length to indicate the depth of 
the probe in the trachea or oesophagus. 
10 In a preferred embodiment, the apparatus includes 

a comparator circuit for comparing the impedance 
between the electrodes with a reference impedance. 

The apparatus may also include damping means to 
prevent the indicator means from responding to 
*5 transient changes in impedance. 

The invention also including within its scope, 
a method for locating an endo-tracheal or 
endo-oesophageal tube in the trachea or oesophagus 
which method is carried out using a probe in 
20 accordance with the invention. 

A preferred embodiment of the invention will now 
be described with reference to the accompanying 
drawings in which:- 

Figure 1 shows a guide probe r and 
25 Figure 2 shows , in schematic form, a circuit to 

which the probe is coupled in use. 
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Figure 1 shows a guide probe 1 having a distal 
9 end 2, and having two elongate electrodes 3, 4 located 

near the distal end 2, the electrodes being arranged 
so as to be substantially diametrically opposite one 
05 another* 

A typical diameter of such a probe for use in 
adults is approximately 3 mm. In the embodiment 
illustratedr the electrodes 3, 4 are 10 mm in length 
and 2 mm in width. The main body of the probe may be 
10 made of a plastics material such as polyurethane, PVC 
or PTFE, and the electrodes may consist of a layer of 
metal or conductive plastic on the surface of the 
probe. 

Two wires 5, connected one to each electrode 3, 
15 4, run internally of the probe and emerge at the 

proximal end 10 of the probe. The wires 5 terminate 
in a pair of connectors 6, to enable the electrodes to 
be coupled to an external circuit. 

A longitudinal channel is formed within the main 
20 body of the probe 1. Holes 7 and 8 in the probe 

communicate with the channel. The hole 7 is located 
near the position of the electrodes 3, 4, so that any 
gas trapped around the electrodes in use can escape 
along the channel , emerging externally of the patient 
25 via the hole 8. 

A circumferential marking 9 is provided on the 
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probe as an indication that no lubricating gel should 
be placed on the probe beyond this marking* 

Figure 2 is a schematic representation of a 
circuit for use with the probe 1. A second pair of 
connectors 15 is adapted to be' coupled to the first 
pair of connectors 6 to enable an impedance measuring 
circuit 16 to determine the impedance between the pair 
of electrodes 3 r 4. The measured value of this 
impedance is indicated on a display 17 such as a meter 
or a digital display. 

A comparator circuit 18 compares the measured 
impedance with a selected reference impedance 19. The 
comparator output then activates a high/low detector 
circuit 20 which, dependant upon the level of the 
measured impedance, activates a lamp 21 and a buzzer 
22. 

In operation F the probe 1 is first introduced 
through, for example, an endo-tracheal tube so that 
the tip 2 of the probe extends approximately 5 cm 
beyond the end of the tube. The probe tip may then be 
bent into a preferred configuration for insertion into 
the larynx and trachea ahead of the endo-tracheal 
tube. Once inserted, if the probe is correctly 
located in the trachea, which is a rigid cartilagenous 
tube lined with moist mucosa, then it is likely that 
only one of the electrodes will be in contact with the 
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mucosal lining of the trachea. Thus, if the probe has 
been correctly located in the trachea, the impedance 
indicated by the display 17, corresponding to the 
impedance between the electrodes 3, 4, will be high. 

05 In contrast to the trachea, the oesophagus is a 
non-rigid muscular tube lined with mucosa which, 
unless distended by food or a pocket of gas, remains 
in a collapsed state. Thus if the probe is 
erroneously located in the oesophagus it is likely 

10 that both electrodes will be in contact with mucosal 
surfaces. In this case, the impedance between the 
electrodes, as indicated by the display 17, will be 
low. 

Since a high impedance indicates that the probe 
15 is correctly located in the trachea, the reference 
impedance 19 may be set to an appropriate level for 
comparison with the output of the impedance measuring 
circuit 16 by the comparator 18. If the measured 
impedance falls below this reference value during 
20 insertion of the probe then the high/low detector 20 
activates the lamp 21 and/or buzzer 22 to indicate 
that the probe has been erroneously passed into the 
oesophagus. Advantageously, the circuit of Figure 2 
is provided with a damping component to prevent 
25 transient changes in impedance activating the warning 
device. 
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The longitudinal channel in the probe allows any 
gas trapped in the region of the electrodes during 
intubation to escape. This prevents the possibility 
of detecting a high impedance if the probe is 

®5 erroneously located in the oesophagus due to 

distension of the oesophagus by a gas pocket in the 
region of the electrodes. 

When correct location of the probe in the trachea 
is achieved/ the endo-tracheal tube is passed down 

1° over the probe/ and the probe is then removed. 

Obviously if the probe is to be used to locate an 
endo-oesophageal tube/ the reference impedance is set 
to a low value/ and the high/low detector is adjusted 
to activate the warning device if the measured 

15 impedance increases above the reference level. 

It will be appreciated that the above description 
relates to a preferred embodiment only f and that there 
are many possible variations and alternatives within 
the scope of the invention. For example: 

20 1. The probe may be an endo-oesophageal tube to be 
inserted/ as opposed to a guide probe. 
2. There may be more than 2 electrodes provided on 
the probe/ and the circuitry may be adapted to sense a 
high or low impedance between any pair of electrodes. 

25 
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CLAIMS 

1. A probe for locating an endo-tracheal or 
endo-oesophageal tube in the trachea or oesophagus 
which probe comprises: 

05 an elongate body, having a distal end for 

insertion into the trachea or oesophagus respectively 
of a patient, and a proximal end adapted to remain 
external to the patient in use; 

at least a pair of electrodes circumf erentially 

10 spaced about the probe body* at or near the said 
distal end thereof/ and 

respective electrical conductors connected to 
each of the said electrodes, and leading to the 
proximal end of the probe, the arrangement of the 

15 electrodes being such that the impedance measured 
between the conductors at the proximal end of the 
probe varies in dependance upon whether the probe is 
located in the oesophagus or the trachea. 

2. A probe as claimed in Claim 1 wherein the probe 
20 is a guide probe for the endo-tracheal or 

endo-oesophageal tube. 

3. A probe as claimed in Claim 2 wherein the probe 
has a diameter of from 2 to 4 millimetres* 

4. A probe as claimed in Claim 1 wherein the probe 
25 is an endo-oesophageal tube which it is desired to 

insert. 
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5. A probe as claimed in Claim 4 wherein the probe 
has a diameter of from 2 mm to 20 mm. 

6. A probe as claimed in Claim 1 including 
respective connectors connected to each of the said 

05 conductors for connecting the electrodes to a circuit 
responsive to the impedance between the electrodes, 
the connectors being adapted to remain external to the 
patient in use. 

7. A probe as claimed in Claim 1 wherein the 
1° electrodes are elongate and are arranged 

longitudinally on the surface of the probe. 

8. A probe as claimed in Claim 1 including a single 
pair of substantially diametrically opposed 
electrodes. 

15 9. A probe as claimed in Claim 8 r wherein the probe 
is curved, the electrodes being positioned one on the 
inner aspect of curvature and the other on the outer 
aspect of curvature. 

10. A probe as claimed in Claim 1 comprising three 
20 electrodes substantially equally spaced around a 

circumference of the probe . 

11. A probe as claimed Claim 1 having a longitudinal 
channel for the passage of gas. 

12. A probe as claimed Claim 1 including a moveable 
25 stop to prevent insertion of the probe beyond a 

predetermined depth. 
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13. Apparatus for locating an endo-tracheal or 
endo-oesophageal tube in the trachea or oesophagus 
which apparatus comprises: 

a probe as claimed Claim 1, 

means for producing an electrical signal 

dependant upon the impedance between the said 

electrodes/ and 

indicator means for producing an indication to a 

clinician dependant upon the impedance between the 

said electrodes* 

14. Apparatus as claimed in Claim 13 wherein said 
indicator means comprises a visual display and/or 
audible alarm. 

15. Apparatus as claimed in Claim 14 including a 
comparator circuit for comparing the impedance between 
the said electrodes with a reference impedance. 

16. Apparatus as claimed Claim 15 including damping 
means to prevent the indicator means responding to 
transient changes in impedance. 

17. A method for locating an endo-tracheal or 
endo-oesophageal tube in the trachea or oesophagus 
which method comprises: 

inserting into the oesophagus or trachea of a 
patient, a probe as claimed in Claim 1, 

producing an electrical signal dependant upon the 
impedance between the said electrodes, and 
producing an indication dependant upon the 
impedance between the said electrodes. 
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